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A METHOD FTOR ESTIMATING ACCELERATIOXNS .

O':;‘ SAIPPING CONTAINERS MOUNTED ON AN IMPACTING RAILRO\AD CAR
GPO PRICE S

John J. Scialcone* - FSTI PRICE(S) $
Goddard Space Flight Center y//£727
. Hard copy (HC) !
' . ‘ Microfiche (MF)._'_@.
53STRACT
205 RBCL i3 Juv 65
| 34

A method is p;ese'rced hereln for estimating the response
of a container and its contents when a rzilroad car on which
thev are mounted impacts a: group oi braked cars s‘.analng in a
classification ra.;lroad yard-. :

0

i - Eguations are derived for the container car impact ecuiva~ "
i".ent velocity, container car acceleration, car body transmissi- -
ility, ané container transmissibility. By applving character-
Estl.c data of the car znd its coupler, the natural frecuency
o7 the car is calculated and the equivalient 1...:)act velocity to
tThe coantainer car is obtained from the actual impact speed, -

>

L -

n2 car weichts and a calculate& braking weig’nt. Then, input-
celera,a.ono of the car and snipping container are calculated .
a 1-14 mph range of invut velocities, fer aom.oming and -
n-bottoming of the coupler during imvact. -

I

b

f

*s 0 m
r.i
N

From these results, the container transmissibility is
obtained knowing the inner containex design natural frequency,
its damping characteristics, and the forcing frequencies
zesulting from the impact at the car coupler. The resultant
accelerations at the irner contaziner are obtained for 0 and 10%
coup.iexr viscous dawping retios.

*Part of this work was doae while the author was
‘associated with Westiinghouse Astro'zuclear Lab., —

Pittsburgh, Peansylvania - : a..U«LLa-/‘ '
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Railroadé impact tests were conducted to confirm the

suitability of a saipping container rigidly attached to the
£100r of a railroad cax. The contaziner consisted of an outer
steel shell supporting internally a spring and damper mounted
inner container to which was Zirmly attached a dummy weight.
These tests, consisted of impactiing the containexr traasport

car traveliing at a speed of 7 wmzh against 3 standing brzked .
freight cars. The tests intended to simulate the majority of
Ioacts experienced during normal railroad switching operations .

—i T

- in railrocad classification yards.

T™he tests iundicated that for the 8 wmph impact the shipping
container attenuated the lateral zccelerations to the inner . -
container to 1.8 g. The results of these tests at impact speeds
between 5 and 7.5 moh are shown superimposed on Figure 3 of this
report. 3Because these impact speeds may be exceeded,. Reference 3,
the analysis which follows was performed to: -

1. Correlate the tests resultis and &
of the components of the system &

2. Cbtzin the accelerations at the outer container and .
inner comtainer for impact speeds othexr tiian those

of the tests.

3. ZEstablish the 1;n1tlng impact speed for the acceptable
specified inner container acceleration.
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1. Corntainer Car Input Velocitv Start:

P i ek s
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The kinetic erergy of the impacting car will be used
o impart a kinetic energy to the standing cars and compress
the impactiing couplers. The following balance of energy
ecuation for the strain energy, the initial kinetic enexgy
and the kinetic energy of the entire system after impact can
be written:

Sl £ ¥ AT S B SR it 00 2

v‘\“‘

A+ B3+ F! 'AB : (1) | ?‘

azplied to the standing cars. This weight can be estimatced
by assuming that the movement of the cars (sliding of wheels),
occurs only after the adnesion between wheels and rails is
exceeded {wheel sliding is presumed to occuxr rather than wheel
turning) - ’ 3

i
vhere W_represents a weight, simulating the braking forces §

adhesion is provided by the friction force betwveen
s and wheels. Its value is given by

P i AL

zbove is gererxally given
tions (Reference 2). W
In additioan to Zcua-
tion can de written

Ut getween the impacting car

achesion coeffic
0.35 .T._O.g. eud.’:"‘l
- ;
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Soiving thnis equatiqn for VAB' we get

W
v 2
A3 = \Y (3)
W+ W+ W, ‘A
‘a T F

Substituting Equation (3) into uquatloﬁ (1), and replacing
the defiection, d, by ¥ , where X is the coupler spring

consﬁant, and dividingﬁgoth sides of the equation by Wéz'we
oziain ’ |
22 4 ' vA2 | W, ' i
i 2 = W ¢ = W, +W_ + W P -
2 A ..~ A E 'F

Kultiplying the numerator and denominator of the right side

¢f Ecuation (4) by ¢ and extracting the square root, the
-ccelexation, G in units of acceleraticn o gravity, emperlenced

j W, is obtainéd as Follows:

A .
G = : =Y_¢3 / WA‘ [—'<C ~‘

=
° % g SE R —— VoW (5)
Y [ - W -+
A A 3 -F
In the above expression, Xg 2 . -
w =W i.e., the nacural
N 3 B}
Zrequency of the impacting car consists of a lumped mass w
axd. the spring constant k, provided by the coupler svring ‘
attached to the mass. The other sguare root term can be
consliered £ irng the amcunt of %The
initial ve 1 arilng car. I can then
s Zed to the container
: o A ]
V., = V_ [ 2,
P POy i L= . - (6)
e W, o+ W, o+ W
i\ B ! F !
' : Ry . ) . . '-"\.".4, PO S ' T ~
T EEROE- T LI k11 ' - B

. - L T S —— ‘—‘ ' - _ —— —— | U W UAEE— L] - L]
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This equivalent velocity will be used in estimating the :
acceleration provided by the impact to the container car. ;

2.. Container Car Acceleration

i i VOIHAY ) dacinn

A. Impact With No Bottoming of Coupler

Equation (5) developed above provides the accelera-
tion felt by the car upon impact if coupler damping is
assumed to be not present and coupler bottoming has not _
occurred. Equation (5) can be expressed simply in terms -
of velocity and natural frequency.

P RPN
B

V., w - ’4 ) (7) 3

If an amount B of the critical damping is present at the
coupler, the acceleration felt by the car w1ll be fron

Reference 3. E
V., w ~Bw_ T
G = = fN e N'p =G _e

o 4 o]

~-8w_t
NP (8)

-

where the time, t_ corxresponding to maximum acceleration

e

. ds: ]
3 . !

1 - _ 2 a2\ %
eant L4987 (1 - 3%

P [ 2 o _ 4 a2
wNw/ L-38 B (3 -4387) )

: - {

The coupler deflection correspondlng to these accelera- -
tions will be given by

d - ,.:,.;‘.. . ) -
. (9) o

v
- A

e inmpact ;
.ad the coupler j

o}

. Y - B v

XEROY R - fxeno N ’ e . :
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- B. Impact With Bottoming of Coupler

wWhen the coupler boitoms, the behavior of the car

couplexr system will be the same as that of a system
possessing a bilinear elasticity. The spring will
deflect up to a closure deflection d_ with a spring

rate Koand beyond this deflection with a wmuch higher

spring rate X¥_.

the case of bottoming impact, the acceleration can be
obtained in terms of the acceleration and deflection which
would be experienced if bottoming had not occurrxed. The
equation is: :
2..
- K Iol 1 K,
= ¢ B S\ {1 - B - :
¢ =& K T \4d :<J (10) ;
o o o :
where G_ and d are given by either Equation (7) or (8) :
and (9).

In Reference (3) it is shown that for

In this type of impact, the excitation felt by the
car will consist of a low and a hignh frequency accelera-

tion’.

constants of the coupler (K ) and that of car bed frame
(X.) and, the kottoming deflection of the coupler (d))
and the deflection (4 ) which would exist if bottoming

had not occurred.

_The relations providing these fre-

guencies are given in Reference (3) in terms of the .
frequency which would exist if bottoming had not occurred,

as follows:

' ' ~ . T
- _0 2 sin s o | -1 o
—_ = — & j— 11 -~ 2 fan ] —
i i Q i X | - a
5L (o) ", B } T 1'] .. /”-.9“. _ 1)
I ‘j J‘B \—‘ >
. L ' Gq i
anad
7 — T j -
1 K {
w K i 2 1 |
(o] o l - "‘l ¥ 2
[, A I - S
H B B (e - 1)
2.
- - d
: S
"‘\ ~ - '(. ot 7"'”‘" 4.' —T evt\'ﬂst“
B ) ggg\q ] . t!gges v X gg:g.
- L P S 1 — M 1 MEamE | e

These twe frequencies will be related to the spring

~~

il)

4 P Y 10 1o 0 v

(12)
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where w__ is the high frequency, Q is the low frequency
and w, the frequency which would éxist without bottoming.

3. Car Boly Transmissibility

It will be assumed, conservatively, that the impact
load experienced by the car frameat the coupler will be
transmitted undiminished.to the container mounting. This
assumpticn is based on a conclusion in Reference (4) that.
no significant difference .in g loading was noted at

different locations of the test car during lmpacts.

4. Container Transmlsalblllty and Inner Container Accelera-
tion

A. TImpact With No‘BottomingfofVCoqpler

The inner co:ntainer accelerations will ke calculated
by modifying the accelerations to the outer containex
Zguation (7) or. (8) by the transmissibility for a viscous
damped system. The transmissibility is given by

¢} 2
l+(28$)
n ,
T = - 2 - (13)
- ) wi
1- ) + {2 8~

£

JL U |

In this expression,'w is the forcing frecuency of the
xcitation which in this case is the natural frequency of

ol

ne car considexrcd as a singlo degree of freedom lumped
ress atihached te & sprinec. The other narameters, 35 and w_,
- . . s = . N s n
Are characrocistics of wne container design.
T Inmac s widh Bonuoning
For this case; ithe crunsniesibinity will he calculated

ias
also by the use of Eguawion (13). This relation will be
bl

;
\
empiloyed to find twe transmissibllities. One for the low

‘.a.»u‘h\ R A {’é;!? . ‘).‘ . T
- 'gsge” . s oPY’ T
N .- - - — L ] ’ i - - ] o —— - L} W— L) .
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frequency acceleration, obtained from Equation (7) or (8)
and the other for the high frequency acceleration, obtained
from Equation (10j. In order to obtain these transmissi-
bilities, the forcing frequency, w, to be used, will be:
w_, obtained from Equation (1l) for the low freguency
eXcitation, and w_, obtained from Eguatiocn (12) for the
high fregquency excitation. The magnluude of the resultant
acceleration R produced by the two excitations A_ and a_

will be obtained by the use of the cosine iaw foF the i
addition of two harmonic functions. Thus
2 2 .
R j/AL + A + AL AH¢cgs 8 (14)

where the ahgle g will be the difference between the i.aase
angles, b and e of the high and low frequencies acceleratlono,

i.e, _ ; .
rg B [2 -—w—L—E
§ = tan I B wNé~ B L 'wadi
e "
- 1:,3‘1 S e
d -3

£fL. CALCULATIONS

1. Car weicghts

The weight of the container car, W, , including the
container was 71,200 lbs. fThe weight ©of the three sLatlonary
cars were 51,200, 52,000, and 50,400 lbs. respectively,
p.oviding a stationary total weight of 153,600 lbs. The
aculvalient braking weight is therefore W_ = u¥_ = .35 x
133,800 = 53,820 1bs. wWith 9o relaciond ingidstcd in
Jocoicen I, 1t is poseib

v e e vy e ] gt T :
NGy To c«.ca;atc “he accelerati
T L svroeii.  lowever, Tho sarametey Lo be usoed muast first
B MU P I 3 rl v mm iyt " e - »
o sstaniishaed. SIS E L@ waAd Car \‘J'\.‘-‘.Lgﬂts; >,“~J_.T1q conscances,

e e . . - e K - R -
PR N A B l.- C( d'—\.t'lc IS, {. o t..a.\.' .,;J.ell t PRI I Y X VN SADIN \‘-»U:J -

The volal equivalent staticnary woelght will be WA - W. +
W = 71,200 4+ 153,600 + 53,800 = 275,600 1lbs B

-y, e o ., Vi,
 XEROQ, , » o4 " . w0
XEROy . 4%ERS . CoE
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2. Equivalent Impact Velocity

The equivalent impact velocity to the container car is
from Equation (6) '

71.2 _ 7
Vg = VA‘J/ 1- 5756 = P63V, (16)

3. Spring Constant and Natural Frequencies

The spring constant upon impact is provided by two
couplers in series. The spring constant for the coupler

will be estimated from data giver. in Reference 5 for the energy

absorption and travel of the coupler during impact, as
specified by AAR. The draft gear must have a minimum
capacity of 18,000 ft-1b and the travel of -thec gear must be
not less than 2.5 in. From this data, the spring constant
of a single coupler being deflected is T

A L;- :3:’:" . X - " -
K =22 ¢ ALDWAAEXZ g5 5 10”7 in/in (17)
° 42 (2.5)% o

For two couplers in series th2 spriny coastant will be

B 16,000 x 1 - 3 P
K== = —y = St zh = = 35 x 107 1:/in (18)
-2 2d 2.5

and the couplers relative - splacement before bottemi w7 is

d, = 2x2.5 = 51in o (19)
The natural frequency for th- car acting on a sin- .~ ccupler
can then be calculsted as :

R foe L L
i’ - Xg _ R, SV SESLE T e T T 90
“o "// wa / 71,200 29,2 e s ‘2C)
A/ £ v

correspenaing wo 3.2 ¢ps. For the car acling or two couplers

forem SR R
- / B}
fow /ooy e < iy ~ .
w.. o= /X = /35 x 107 x 386 = 13.75 rad/se
M / :’f“ / i 3 ad/sec (21)
J S 71.2 % 10 <
corrvesponding to 2.2 cps.
YERS: ' L e
- l":“')‘v no. pﬂav

PP R
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4. Car and Outer Container Input Acceleration

A. Input with No Bottoming of Coupler

The magnitude of the acceleration ex,...ienced by the
container and car where no bottoming of the coupler occurs
will be cbtained by the use of Equation (7) or (8) together
with Equation (11) and (21). Tor no damping present at the
ccupler, Equaticn (7) will reduce to :

Vo w 5280,

G = -2 XN _ .863 (13.75) V4 _ .863 x 13.75 x 3600 A

© g 32.2 32.3 (22)
= .54 v,

where VA is expressed in mph.

For a 10% critical damping present in the system, Equation
(8) plus the relation for the time f£rr peak magnitude, ‘
reduces to

G = .86 G = .464 7 : - (23)

The deflections corresponding to Equation (22) and (23)
wiil be from Eguation (9)

-

G W ' .3
) 71.2 x 10
a = == = .sav, =) w11y, (24)
35 x 10 -
and .
- GW 3
G == 464 v (71.2 x 107) . . .
0 i Ln et = Q44 Y (25)
35 x 207 )
The regaluos of those aguoctioas-for seveorval impact
Sy RRGE Dave woan shown i Piloure L

L. Inoat with Foutondng of Counler

In orxder to apply eguation (9) it is necessaxy to

estinate the spring constant KB of the car oody. Reference
(6) shows a graph of applied force versus body yield. From

. L e ;:;«3
xr:no\; XERQ ! !oony
OVENY

3




this c¢raph it can be estimated that the car body spring
constant is
- -3 - .
X, = 1310 x 10" 1b/in {25)
f=] ) . .
Sudstituting Equation (16), (18), (19), (22 or 23), {(24)
znd (26) into Equation (i0), the following eguations are
chtained ior acceleration with bottoming

-

a. For No Dumping at the Coupler

2
G = .54 V_- 1310 x 103 )
A + —

© 3
Y 35 x 10 i.1v
a

1310 = 103

) 35 x 103

£y
-

- etmres remsmm

]

.54 x 6.12 V / 1 - 20.1 ~
A - (27)

«/ v 2

A

[ .2 R

b. For 10% critical damping at the coupler -

G=2.64 [ v: - 2n.1 - (28)
v .

Vo> o> > > > .35 nph
. ol RN B
:nd wnen 10% danping is incliuded,
- el
o~ T N
-XERO: N . JXERO

~rAty . N N alaiched -~

et - e e

A A e € A s n 03y e

imane

Yo e
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Va” Toza 3.3 mph
The values from Equation (27) and (28) ar> shown in
Figurxe 1.

ransmissibilityv - Accelerations at Inner Container
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.
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A. Impact With Mo Bottoming of Couvler

The transmissibility for impact speeds less than V = 4.55 mpn
for no coupler dampin~s and V = 5.3 with -10% coupler damping will
e obtained from Equation (13) where the folilowing substitutions
have been made:

s o= 13 - +h ic £ ; £ the i
Wy = 1i.9 the design natural frequency of the innexr

container with its content

3 = .35, the fraction of critical viscous Gamping
includeé in the suspension. ‘“his is also a design value.

w = 20.2 rad/sec, the excitztion freziency resulting -
Zrom the sscil’ation of The car when a force is appiied to
- the caxr coupler nis viliue was cbtained Zrom Eqaation (2C] .

With these vzlues, the tran°m1551b1&1tj for 1npac.

speeds lowexr than those indicated aDove, (ill be
i 0D §
' ' ')r) 2.
’ = SV el
A2 089 g
:
= e e = 77
p} -y

oY gontainer resuiuing from
in Figure 3.

=< XERO . TXERO .

ERO, e ocony .
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B. Impact with Botteoming of Counlerx

Since during this impact, low and high freguency
accelerations as obtained from Equation (22) or (23) ana
'(27) or (28) respectively, are present at the outer container,
and the transmissibility is a function of the forcing '
frequency, the high and low frequencies Guring this impact
have to be found. In Figure 2, the freguencies axre indicated.
The equations used are Equation (11) and (12) which, with

the substitution for K = 35 x 103 1b/in, K, = 1310 x 103 1b/in

and wo = 20.2, reduce to

o2
20:2 | 1634 - .1041 tan - [2:87x 30

¥y a? -1 (30)

{ o
5
and
20.2 .637 sin 5 . 20.2
" = / Ul (31)
L o YH

*

Having obtaincd w,_ and & _ as inFigure 2, the trans-
missibilities are obtained by using Zquation (13) with the
design parameters of the container and with the forcing
frequency w = ., and w_. Also the relative transmitted
accelerations A and A. and the phase angles are obtained
from Zquation (I5). The resultant accelerations at the inner
container obtained from Equation (14) are shown plotted in

rigure 3.

TW. RISUTS SY3 COXTLUSIONS
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{(Reference 7).
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Figure 3 shows the accelerations at the inner containerx
resulting from the attenuation of the accelerations of Figure 1
through the container suspension. The effect of the coupler
damping on the magnitude of the resultant acceleration at the
innex container is also shown. Superimposed as data points on
these curves are the results of impact tests performed by the
container designer. The comparison indicates that the cal-
culated values agree wich the upper bound values obtained from
the tests. The compacison also suggests that 20% viscous
damping at the coupler would have represented the condition
of the test container car coupler. The extrapolated accelera-
tion curve for 20% damping has been shown in Figure 3 to show
Girect comparison of test and calculation results.

The following conclusions can be drawn from the analysis:

1. The accelerations to be expected at the inner container

for various impact speeds can be predicted by this type of
analysis. A 20 - 25% viscous damping should he taken as a
representative value of *the damping provided by a railroad
car coupler.

2. If the 20% value for viscous damping cf the coupler
Is used, impact speeds higner than .5 mpn will produce
innexr container accel2rations greater than 1.8 g and car bed
acceleration above 20 g.
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Figure 1. Car and outer container accelerations vs car impact speed for
coupler with zero and 10% viscous criticai damping
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Figure 3. lInner container acceleration vs car impact speed
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